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SUMMARY The value of cultural and serological procedures in diagnosing gonococcal and
chlamydial infections was investigated in 85 women who had provisional diagnoses of pelvic
inflammatory disease. The correlation between certain clinical variables and the absence or
presence of such infections was also studied. In 46 the diagnosis of acute salpingitis was verified by
laparoscopy. The laboratory and clinical findings in the patients with acute salpingitis were
compared with those in the remaining 39 women in whom laparoscopy did not show signs of
inflammation. Salpingitis was considered to be gonococcal if Neisseria gonorrhoeae was isolated
or a fourfold or more change in titre of antibodies to gonococcus pilus antigen was found. The
diagnosis of chlamydial salpingitis was based on the isolation of Chlamydia trachomatis, a
fourfold or more change in titre of IgG antibodies to or from a titre of >1/256, or the presence of
IgG antibodies at a titre of >1/512. Patients with chlamydial salpingitis had less severe symptoms
but a more protracted course of disease than patients with gonococcal salpingitis or with acute
salpingitis not associated with the two pathogens.

Introduction

Several studies have shown that Neisseria gonor-
rhoeae and Chlamydia trachomatis are of aetio-
logical importance in acute salpingitis. The pro-
portion of cases attributable to these two agents
varies partly with sociological differences between
populations studied and partly with differences in
clinical criteria used to select the patients
investigated.'-5

This study was undertaken to investigate the value
of serological tests and culture in diagnosing
infections with N gonorrhoeae and C trachomatis in
patients with acute salpingitis. The aim was also to
ascertain whether the case history or clinical findings
in patients with chlamydial salpingitis differed from
those with gonococcal salpingitis or with acute
salpingitis not associated with chlamydiae or
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gonococci. These evaluations were based on findings
in women who fulfilled clinical criteria for pelvic
inflammatory disease (PID).6 The same clinical
material has been used in an investigation of the
importance of Mycoplasma hominis in acute
salpingitis.'

Patients and methods

STUDY POPULATION
During one year 95 women who were admitted to a
gynaecological department fulfilled a set of criteria
for the provisional clinical diagnosis of PID.6 These
criteria were acute lower abdominal pain and two or
more of the following symptoms and signs: a rectal
temperature higher than 38°C, abnormal vaginal
discharge, menstrual irregularities, vomiting,
dysuria, pronounced tenderness of the pelvic organs
on bimanual examination, a palpable adnexal mass
or swelling, and an erythrocyte sedimentation rate of
>15 mm in the first hour. In 85 women laparoscopy
was performed on the day of admission. In 46 acute
salpingitis was verified and graded as mild, moderate
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or severe according to the criteria proposed by
Westrom.8 Table I shows how many had received
antibiotics before admission to hospital and the final
diagnoses in 39 women with no laparoscopic signs of
acute salpingitis. Ten women did not undergo laparo-
scopy because they had severe clinical symptoms,
because anaesthesia could not be given at the time, or
because they refused. These 10 women were omitted
from evaluation. The patients were examined on the
day of admission and once a week, including the day
they were discharged. Thirteen women with, and 13
without, acute salpingitis had received treatment with
a penicillin before admission to hospital, and one
patient with acute salpingitis had received
erythromycin (table I).
The schedule of antibiotic treatment of patients

with acute salpingitis after admission to hospital
comprised I MU penicillin and 500 mg streptomycin
given intramuscularly twice a day for seven days and
1 g metronidazole suppositories twice a day for five
days.

TABLE i Final diagnoses of 39 patients without acute
salpingitis and treatment with antibiotics in all 85 patients
before admission to hospital

No treated
before Total
admission women

Final diagnoses (n = 27) (n = 85)

No laparoscopic signs of current or
recent salpingitis:
Acute appendicitis 0 2
Ectopic pregnancy 2 5
Ovarian cyst 3 10
Retrograde menstrual bleeding 0 1
Hydrosalpinx or peritubal adhesions 3 7
No abnormal findings 5 14
Total 13 39

Acute salpingitis 14 46

CULTURAL PROCEDURES
On admission and again after one and two weeks or
before the patient was discharged specimens for the
isolation of C trachomatis were collected from the
urethra and the cervix on sterile, cotton tipped,
alginate treated swabs (Calgiswab, Inolex,
Glenwood, Illinois, USA). Specimens for the
isolation of Ngonorrhoeae were then taken from the
urethra, the cervix, the rectum, and the fauces with
sterile, cotton tipped, charcoal treated swabs.
The following specimens were obtained during

laparoscopy. For the isolation of N gonorrhoeae,
exudate from the abdominal orifice of a fallopian
tube was aspirated from 25 patients with acute
salpingitis, and in seven a closed tube was punctured;
in 22 patients without salpingitis the orifice was

irrigated with 0 5 ml sterile saline, which was then

aspirated and transferred to a charcoal treated swab.
For the culture of C trachomatis a tiny biopsy
specimen was taken from the fimbrial end of a tube
from 21 patients with acute salpingitis and from 31
without salpingitis; material was obtained by
puncture of a closed tube in six of the patients with
acute salpingitis.
Swabs for the isolation of N gonorrhoeae were

transported by mail in Stuart's medium and cultured
as described previously.9 10 The transportation time
did not exceed 24 hours. Specimens for the isolation
of C trachomatis were immediately stored at - 800C
in a sucrose phosphate buffer and, after one to two
months, cultured in McCoy cells treated with cyclo-
heximide." The media contained newborn instead of
fetal calf serum, which was not available.

INVESTIGATION OF ANTIBODIES
Antibodies to Ngonorrhoeae were investigated by an
indirect haemagglutination test using gonococcus
pilus antigen,'2 and antibodies to C trachomatis by a
microimmunofluorescence test.'3
At least two blood samples were taken from 45

patients with, and 29 without, acute salpingitis at
intervals of one week. Only one blood sample was
taken from 10 patients without salpingitis because
they were discharged within a week. Seven had an
ectopic pregnancy or a ruptured ovarian cyst, one
had peritubal fibrous adhesions without signs of
current infection, and two had normal adnexa at
laparoscopy.

STATISTICAL METHODS
Non-parametric (Mann-Whitney, x2 and Fisher's)
statistical tests were used to evaluate differences, and
p<0 05 was considered to be significant. The
predictive value of positive microimmunofluores-
cence test results for the presence of acute salpingitis
was calculated from the formula of Wulff'4:
Patients with acute salpingitis with positive results

all patients with positive results

and the formula:

Patients without salpingitis with negative results
all patients with negative results

was used to calculate the predictive value of negative
microimmunofluorescence test results for the
absence of acute salpingitis.

Results

CULTURE
N gonorrhoeae was isolated from the cervix of six
(13%) patients with acute salpingitis and by puncture
of a closed tube in one of these. It was not recovered
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TABLE 11 Titres of antibodies to gonococcus pilus antigen in serum ofpatients with and without acute salpingitis

No with maximum titre of antibodies to N gonorrhoeae of:

Diagnoses and results of culture <1/40 1/40 1/80 1/160 1/320 1/640 )1/1280 Total

Patients with acute salpingitis
N gonorrhoeae isolated 2 1 2 1 6
N gonorrhoeae not isolated 32 2 5 1 40
Total 34 3 2 5 1 1 0 46

Patients without salpingitis* 37 1 1 39

*N gonorrhoeae not isolated.

from any patient who had received antibiotic treat-
ment before admission to hospital.
C trachomatis was isolated from the urethra or the

cervix, or both, in 11 (24%) patients with acute
salpingitis, of whom two also harboured N gonor-
rhoeae. C trachomatis was isolated from only two
(14%) out of 14 patients with acute salpingitis who
had been treated with antibiotics before admission to
hospital, and from nine (28%) out of 32 who had
not. A tubal biopsy specimen was taken from five of
the 11 patients with acute salpingitis and C
trachomatis in the cervix and an aspirate from a
closed tube from one, but these specimens did not
yield C trachomatis. A second set of specimens,
which all gave negative results, was taken from nine
of these 11 patients a week later. One patient without
salpingitis who had an ectopic pregnancy harboured
C trachomatis in the cervix.

SEROLOGICAL TESTS
Table II shows the results of tests for antibodies to
gonococcus pilus antigen. A fourfold or more change
in the titre of antibodies was seen in four patients
with acute salpingitis, of whom one had received
treatment with antibiotics before admission to
hospital.

Table III shows the results of tests for IgG anti-
bodies to C trachomatis. A maximum titre of >1/256
and >1/512 was seen in 29 (63/o) and 24 (52%) of
patients with acute salpingitis and in nine (23%) and
three (8%) of patients without salpingitis (p<0* 01 for

both titres). Out of 11 patients with acute salpingitis
who had positive cultures for C trachomatis, 10
(91%) had a maximum titre of >1/512. A titre of
>1/512 was seen in three patients without salpingitis,
all reporting a history of PID, whereas titres below
1/512 were seen equally often in patients reporting
and not reporting a history of PID.

If a microimmunofluorescence test for IgG anti-
bodies to C trachomatis was defined as giving a
positive result at a maximum titre of >1/256 or
>1/512, then the positive result would have
predictive values for acute salpingitis of 76%
(60-89Gb) or 90% (71-98%/) respectively (with 95%
confidence limits in brackets). The predictive value
of negative test results for the absence of salpingitis
would be 64%o (48-77%) for a cut off point of >1/256
and 62% (48-75%) for a cut off point of >1/512. In
women without a history of PID a titre of >1/512
would have a predictive value of 1000/ (78-1000/.) for
current acute salpingitis.

In 14 patients with acute salpingitis a fourfold or
more change in titre of IgG antibodies to C tracho-
matis was seen, and in all cases the change was to or
from a titre of >1/256.
Table IV shows the results of tests for IgM anti-

bodies to C trachomatis. Maximum titres of >1/32
and >1/64 were found in 15 (33%0) and 12 (26%o)
patients with acute salpingitis and in four (10Gb) and
two (5Go) patients without salpingitis (p<0 025 for
both titres). Out of the 11 patients with acute
salpingitis who yielded positive cultures for C

TABLE 111 Titres of IgG antibodies to Chlamydia trachomatis in serum ofpatients with and without acute salpingitis

No with maximum titre of IgG antibodies to C trachomatis of.
Diagnoses and results of culture <1/16 1/16 1/32 1/64 1/128 1/2S6 1/512 1/1024 1/2048 d1/4096 Total

Patients with acute salpingitis:
C trachomatis isolated 1 2 3 2 3 1 1
C trachomatis not isolated 10 1 4 1 5 2 8 1 3 35
Total 10 2 0 4 1 5 4 1 1 3 6 46

Patients without acute salpingitis:
C trachomatis isolated 1 IC trachomatis not isolated 15 2 3 9 6 1 2 38
Total 15 3 3 9 6 1 2 39
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TABLE Iv Titres of IgM antibodies to Chiamydia trachomatis in serum ofpatients with and without acute salpingitis

No ofpatients with maximum titre of.

Diagnoses and results of culture <1/16 1/16 1/32 1/64 1/128 1/256 >1/512 Total

Patients with acute salpingitis
C trachomatis isolated 4 0 2 1 1 1 2 11
C trachomatis not isolated 24 3 1 2 2 2 1 35
Total 28 3 3 3 3 3 3 46

Patients without salpingitis
C trachomatis isolated I I
C trachomatis not isolated 31 3 2 1 1 38
Total 32 3 2 1 1 39

trachomatis, seven (6407) had a maximum titre of
>1/32 and five (45%) a maximum titre of >1/64.

If a microimmunofluorescence test for IgM anti-
bodies to C trachomatis was defined as giving a
positive result at a maximum titre of >1/32 or >1/64,
then this positive result would have predictive values
for acute salpingitis of 79%o (54-94%7o) or 86%
(57-98%o), respectively. The predictive value of a
negative test for the absence of salpingitis would be
53%o (40-65%o) for a titre of >1/32 and 52%
(40-64%7o) for a titre of >1/64.
Out of six patients with acute salpingitis who had a

fourfold or more change in titre of IgM antibodies to
C trachomatis, five (83%o) showed a rise to 1/128 or
more, and one (170o) to 1/64. Five of these six
patients had a concomitant change in the titre of IgG
antibodies.
C trachomatis was isolated from seven (47%o) out

of 15 patients with acute salpingitis who had an
appreciable change in titre of either IgG or IgM anti-
bodies to C trachomatis, from three (30%o) out of 10
patients with acute salpingitis who had stationary
titres of IgG >1/512, and from one (5%o) out of 21
patients with acute salpingitis who had stationary
titres of IgG below 1/512. In 32 patients who had not
received antibiotic treatment before admission, C
trachomatis was isolated from five (71 0) out of
seven who had an appreciable change in titre, from
three (38%7o) out of eight who had stationary titres of
IgG >1/512, and from one (6%7o) out of 18 who had
stationary titres of IgG below 1/512.

RESULTS OF LABORATORY TESTS RELATED TO
CLINICAL FINDINGS

On the basis of the results described above, the
patients with acute salpingitis were described as

having gonococcal salpingitis if N gonorrhoeae was
isolated from the cervix, the urethra, or both, or if
the titre of antibodies to gonococcus pilus antigen
changed appreciably. The term chlamydial salpingitis
was used if one of the following criteria was fulfilled:
(a) C trachomatis was isolated from the cervix, the
urethra, or both; (b) a fourfold or more change in

titre of IgG antibodies to C trachomatis to or from
>1/256 was shown; or (c) an IgG antibody titre of
>1/512 was shown. The patients with acute
salpingitis were described as having chlamydial and
gonococcal salpingitis if one of both sets of criteria
were present and as having non-chlamydial, non-
gonococcal salpingitis if none of them was present.

Table V shows the severity of disease observed on
laparoscopy in the patients with these four types of
acute salpingitis. The visible changes were more
severe in patients with chlamydial salpingitis than in
those with gonococcal salpingitis or non-chlamydial,
non-gonococcal salpingitis, but the difference was
not significant. In 10 patients with acute salpingitis
who did not undergo laparoscopy and were not
included in the evaluations, the infection was graded
clinically as mild in eight cases and as severe in two.
Three of these 10 patients had chlamydial salpingitis,
two had chlamydial and gonococcal salpingitis, and
five had non-chlamydial, non-gonococcal salpingitis.
Oral contraceptives were used by equal numbers of

patients with the four types of acute salpingitis. More
of those with chlamydial salpingitis (13/22 (597o))
than with non-chlamydial, non-gonococcal
salpingitis (3/17 (1807o)) were fitted with an IUCD
(p=0.01). Factors predisposing for salpingitis, such
as insertion of an IUCD, curettage, hystero-
salpingography, abortion, and delivery within three
months of admission to hospital were recorded in 15
patients, similar numbers of whom had the four

TABLE V Laparoscopic grading of tubal inflammation in
women with chlamydial salpingitis (CS), chlamydial and
gonococcal salpingitis (CS/GS), gonococcal salpingitis
(GS), and non-chlamydial, non-gonococcal salpingitis
(NC/NGS)

No ofpatients with:

Degree of inflammation CS CS/GS GS NC/NGS Total

Mild 5 0 2 9 16
Moderate 6 1 0 3 10
Severe 11 3 1 5 20
Total 22 4 3 17 46
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types of acute salpingitis. A history of PID was given
by 19 (41 0) women with acute salpingitis, similar
numbers of whom had the four types of acute
salpingitis.

There was no difference in age between patients
with acute salpingitis (median 25, range 17-39 years),
and patients without acute salpingitis (median 24,
range 15-38 years). Among the patients with acute
salpingitis, those with chlamydial, gonococcal, or
chlamydial and gonococcal salpingitis were
appreciably younger than patients with non-
chlamydial, non-gonococcal salpingitis, the median
ages being 22½Y2, 27, 19, and 27 years respectively.
Patients with chlamydial salpingitis had experienced
symptoms before admission to hospital for longer
than patients with gonococcal or non-chlamydial,
non-gonococcal salpingitis (p = 0 007), the median
time being 7, 7, 1, and 2 days respectively. Table VI
shows that a rectal temperature of more than 38°C
was less common among patients with chlamydial
than those with gonococcal or non-chlamydial, non-
gonococcal salpingitis (p=0 01), and an ESR
>,20 mm in the first hour was more common in
patients with chlamydial salpingitis than in those
with non-chlamydial, non-gonococcal salpingitis
(p=0 05).

Perihepatitis with a fibrinous exudate on the
surface of the liver or violin string adhesions to the
diaphragm, or both, was seen in three out of 46
patients with acute salpingitis undergoing laparo-
scopy, although this condition was not looked for
routinely. All three had severe salpingitis with pelvi-
peritonitis and were diagnosed as having chlamydial
salpingitis, but none of them had symptoms attri-
butable to perihepatitis.

Discussion

In Denmark, most patients with acute PID are
treated by general practitioners. Most patients
admitted to hospital have pronounced symptoms or
signs or a poor response to antibiotic treatment. To
assess the value of cultural and serological procedures
in diagnosing gonococcal and chlamydial infections,
patients should be studied irrespective of previous

TABLE vI Some clinical variables in women with
chiamydial salpingitis (CS), ck,'mydial and gonococcal
salpingitis (CS/GS), gonococcal salpingitis (GS), and nonl-
chlamydial, non-gonococcal salpingitis (NC/NGS)

No ofpatients with:

CS CS/GS GS NC/NGS
Clinical variables (n = 22) (n = 4) (n = 3) (n = 17)

Rectal temperature >38°C 3 1 3 10
ESR >,20 mm in first hour 16 3 2 7

antibiotic treatment or the duration of symptoms
before admission to hospital. The group used for
comparison should consist of women without acute
salpingitis, but in whom this diagnosis has been
considered, who match the patients with acute
salpingitis for age and previous exposure to genital
infections.'4 In the study reported here this was
achieved by using liberal criteria for a provisional
diagnosis of PID in selecting the study group, and by
later subdividing the patients into those with and
without acute salpingitis according to laparoscopic
findings.
Most cases of acute salpingitis are caused by

micro-organisms ascending from the lower genital
tract. It is not known whether, in individual cases of
acute salpingitis, there is only one aetiological agent,
which perhaps paves the way for a concomitant
infection with one or more opportunist organisms.'5
In this study we made no attempt to isolate aerobic or
anaerobic bacteria other than N gonorrhoeae and C
trachomatis from the genital tract. The possible role
of M hominis as an aetiological agent of acute
salpingitis has been evaluated in the same study
population, as reported separately.7

In Scandinavian studies N gonorrhoeae has been
isolated from the cervix or urethra, or both, in only
small proportions (5-26%o) of patients with acute
salpingitis,'-5 although this organism has been
recovered from most patients with acute salpingitis in
studies from the USA.'5-'7 N gonorrhoeae has been
isolated from the tubes of five of 13 patients with
acute salpingitis who were harbouring the micro-
organism in the cervix'7 and from one of four in the
present study.
C trachomatis was isolated from 240/o of all

patients with acute salpingitis and from 28%o of
patients who had not received antibiotic treatment
before admission to hospital. These figures were not
appreciably different from the 38-47%o reported by
other Scandinavian workers using laparoscopy in
diagnosing acute salpingitis.2-4 C trachomatis was
isolated in fewer patients with acute salpingitis who
had received antibiotics before admission to hospital
than in those who had not. As reported by Bowie and
Lee,'8 antibiotic treatment may not eradicate the
chlamydiae in a patient but may decrease the
infectivity of the organisms in cell cultures. This may
also partly explain the low rate of isolation of C
trachomatis in patients with acute salpingitis and
serological indication of a current chlamydial
infection. It may also be the reason that our culture
positive patients yielded negative results after treat-
ment with antibiotics while in hospital. Another
explanation for the low rate of isolation of C
trachomatis was possibly our use of Calgiswab,
which may reduce the number of inclusions in
McCoy cell cultures.'9 The use of newborn instead of

183



G B Kristensen, et al

fetal calf serum may also reduce the number of
inclusions (Bollerup AC, unpublished observations).
Mardh et al have suggested that an immune response
to C trachomatis results in negative cultures,4 but in
our study C trachomatis was isolated from equal
numbers of patients with low and high titres ofIgM
or IgG antibodies (tables III and IV).
Our attempts at isolating C trachomatis from the

fallopian tubes were not successful. Biopsy
specimens taken from the fimbrial ends of the tubes
may be less useful for culture than specimens
obtained by rotating a cotton tipped swab inside the
lumen of the tubes.20 Furthermore, tubal specimens
could be obtained from only five patients with acute
salpingitis who harboured(7 trachomatis in the
cervical canal, as such patients often had closed
tubes. For these reasons the diagnosis of gonococcal
and chlamydial salpingitis in many patients must rely
on the results of culture from the lower genital tract
and of serological tests.

Circulating antibodies to C trachomatis may be
present because of previous or recent chlamydial
infection, whether restricted to the cervical canal or

affecting the endometrium or the salpinges as well. In
infectious diseases that have been protracted before
blood samples are taken, high antibody titres may be
stationary while the patient is under medical care.

The possibility of showing a fourfold rise in titre and
of isolating the pathogen may have passed. Some
cases therefore escape detection if an appreciable rise
in titre is accepted as the only serological criterion of
current infection. Stationary titres may be included
as a tool in clinical decision making, provided that a

sufficiently high cut off point of antibody titres is
chosen as a criterion of cufrent infection and lower
titres, which indicate past infection, are excluded.
Thus a positive test may have a high predictive value.

Chlamydial IgM antibodies at a titre of >1/64 were

found in too few patients with acute salpingitis and a

positive culture for C trachomatis for the test to be
used to diagnose chlamydial salpingitis.
The clinical course of chlamydial salpingitis was

more insidious than gonococcal or non-chlamydial,
non-gonococcal salpingitis, with less severe

symptoms and a longer duration of illness before
admission to hospital. At laparoscopy, however, the
visible inflammation of the tubes was slightly more

severe in patients with chlamydial salpingitis than in
those with gonococcal or non-chlamydial, non-

gonococcal salpingitis. Similar findings have been
reported in two other Scandinavian studies.22'
Our findings confirm the importance of

chlamydial infections in acute salpingitis. It is
therefore recommended that treatment regimens
should include antibiotics active against C
trachomatis.
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